To discuss the classification systems that exist for myelodysplastic syndromes and which ones are recommended.
Introduction
In a review of classifications of myelodysplastic syndromes (MDS), Steensma wrote "Classifications and taxonomies are, by nature, artificial: simple mental constructs imposed upon an ambiguous and complex physical reality, and, therefore intrinsically imperfect". 1 This statement is important to remember when dealing with MDS that is a group of very heterogeneous pre-leukemic conditions associated with clonal hemopoiesis. However, in patients' daily care, as well as in clinical studies, some systematization is necessary as a working principle.
The first attempt of a classification of these disorders was made by the French-American-British (FAB) Cooperative Group in 1982. 2 cytology. It is still used in some publications. 3 This classification also had some prognostic value, but it was merely descriptive and was not able to classify several cases. Somehow it permitted the study of MDS characteristics better, and with new knowledge acquired about cytogenetics, phenotyping and molecular features, the World Health Organization (WHO) improved the classification of MDS in 2001; this classification was modified in 2008 4 and again in 2016. This classification was always improved to include new relevant information published about the pathophysiology and clinical behavior of the MDS types.
The WHO classification is not only based on features obtained from PB values and BM morphology, but it also includes cytogenetic findings, which clearly began to define some pathological entities, and that nowadays have specific treatment (5q-syndrome). Even some aspects discovered by molecular analysis were included in the 2016 update, 5 thus giving support to new therapies.
Switching from FAB to WHO, chronic myelomonocytic leukemia was removed from the MDS group and included in that of myelodysplastic/myeloproliferative disorders, as it has more proliferative features. Furthermore, the threshold of 20% of BM blasts separating MDS and acute leukemia was chosen and so Refractory Anemia with Excess Blasts in Transformation (RAEB-t) was considered acute myeloid leukemia (AML). However, it is recognized that this threshold is artificial concerning therapeutic decisions. The features of BM histology were not considered to define an entity, hence, the WHO classification was able to stratify cases with BM blasts <5% better. Accordingly, in a Brazilian study of 150 patients, 6 one-third of the patients, mainly cases with BM blasts <5%, changed category. The 2016 update split all categories into 'with and without ring sideroblasts'. In addition, the old AML FAB M6 was included in MDS as RAEB if the percentage of blasts of non-erythroid cells in BM was <20% and as AML if BM blast percentage of all nucleated cells was ≥20%.
The main prognostic factors in myelodysplastic syndromes (MDS) are associated with the degree of BM failure (peripheral cytopenias), the percentage of blasts in BM aspirate, as well as cytogenetic alterations. Anemia, the most common cytopenia, can cause transfusion dependence and consequently iron overload, with its vicious circle of morbidity and mortality.
The percentage of blasts in BM aspirate, which is related (but not equal) to the number of CD34 + cells counted by cytometry or evaluated in the BM by immunohistochemistry, is a measure of the abnormal clone lesion and its proliferation. These parameters may indicate clonal progression and/or leukemic transformation. The number and type of phenotypic changes, as well as the type of cytogenetic changes found are also evidence of this fact.
Extraction of results
Which prognostic classification system should be used?
Since the French-American-British (FAB) classification system was described, prognosis was defined generally based on the percentage of blasts in the BM. The WHO classification, which is based not only on the number of BM blasts, but also on the degree of atypias of hematopoietic lineages, allowed a better stratification of the low-risk types. In 1997, the International Prognostic Score System (IPSS) was described after analyzing 816 cases; it is based on the number of cytopenias, percentage of BM blasts and the type of cytogenetic alteration (Table 1) 7 (B). This index has been widely used to indicate allogeneic BM transplantation, to choose the treatment of patients and for their inclusion in clinical studies.
With the refinement of the knowledge about cytogenetic changes and their impact on prognosis, the International Working Group for the Prognosis of MDS (IWG-PM) conducted a multicenter study of 7012 patients (including Brazilian patients). This study analyzed the effect of complete blood counts (CBCs), the percentage of blasts in BM aspirate and the cytogenetic risk groups on the prognosis and subsequently revised the IPSS (IPSS-R) 8, 9 (B). The revised index categorizes the data of CBCs and the percentage of marrow blasts in more detail (Table 2) .
Furthermore, based on 1314 cases, Italian and German authors described a prognostic score that, in addition to the parameters of the CBC, includes the type of MDS based on the WHO classification, as well as the presence or not of transfusion dependence (WHO Prognostic Scoring System -WPSS). More recently, they replaced 'transfusion dependence' with the hemoglobin value 10 (B). This index can be applied not only at diagnosis, but also during the evolution of the disease (Table 3) .
There are also a number of other prognostic scores (Lille, German, MD Anderson), that value different clinical and bio- chemical parameters in addition to those used in the IPSS (B), 11, 12 but these are less used by groups studying MDS. On analyzing 1915 patients, the MD Anderson Hospital group described a prognostic index that, in addition to the variables used in the main scores, adds the patient's age and patients' performance status (MD Anderson Score -MDAS and Low-risk Prognostic Scoring System -LR-PSS) 13,14 (B). Moreover, because it is a geriatric population, it is important to evaluate the comorbidities (cardiac, hepatic, renal, pulmonary and presence of solid tumors) presented by patients. Thus, the Italian Group described a Comorbidity Index (MDS-CI) after analyzing 1344 cases 15 (B) . In addition to the IPSS category of each patient, other risk factors are taken into account. These include the degree of anemia (WPSS) and iron overload, lactic dehydrogenase and beta-2-microglobulin levels, comorbidities (mainly cardiac), cytogenetic risk (five categories), phenotypic abnormalities of CD34 + cells and data obtained by BM biopsy such as fibrosis, clusters of CD34 + cells (formerly called atypical localization of immature precursors -ALIPs), and degree of megakaryocytic dysplasia, as well as specific molecular alterations 16 
(B).
Prognostic indexes are useful tools to assess the risk of leukemic transformation, estimate life expectancy and optimize therapeutic decisions. For high-risk patients, the goal of therapy is to extend overall survival (OS) and delay leukemic transformation, using cytotoxic regimens similar to those used for AML. However, these regimens are considered very toxic for low-risk patients where the goal of therapy is to improve cytopenias and quality of life.
Since the description of the first prognostic index (IPSS) in 1997, more than 15 proposals have been published. The most widely used indexes (IPSS, IPSS-R, WPSS and MD Anderson) were described after the analysis of large multicenter patient databases, and validated by researchers who did not participate in the initial study. However, they all have their limitations, especially for analyzing low-risk patients. MDS are a group of very heterogeneous entities from both genetic and molecular points of view, where we still do not know all the aspects involved 16 (B). However, so far, the analysis of all features is not feasible in the daily clinical practice, but with the advancement of therapy, there is an increasing need to separate cases that are responsive to certain treatments.
The prognostic value of the various scores in the different populations studied has been poorly reproducible either due to the insufficient number of cases enrolled or because of the short observation time. Low-risk cases in particular, which are the majority in all cohorts, require a very long observation time (more than 10 years) to have a significant number of events. In addition, the methodology used should be taken into account, since these patients are elderly, have comorbidities and thus only events caused by MDS should be considered and not those related to comorbidities.
Comparison of the prognostic value of different scores
The IPSS-R prognostic value was evaluated by multivariate analysis in a retrospective study of 173 patients and compared to the IPSS, MDAS, WPSS and WPSS-R. The mean follow-up was 17 months. The IPSS-R, compared to the IPSS, MDAS, WPSS and WPSS-R, had better prognostic power for all risk groups except for high-risk and very-high-risk patients (B); 17 but as stated above, the observation time was too short for low-risk patients.
A retrospective study of 173 adult MDS patients who had not received disease-altering treatment was performed to externally validate the IPSS-R and compare it with IPSS. In the univariate analysis, the IPSS-R was a significant predictor of survival and time to transformation to AML (p-value <0.001). The IPSS-R had better prognostic power for survival and transformation time to AML when compared to the IPSS (Somers' D values: 0.41 vs. 0.39 and 0.55 vs. 0.53, respectively) 17 
(B).
The Dutch Group, on comparing the value of the MDS-CI with the IPSS-R, showed by multivariate analysis that the MDS-CI significantly improved the IPSS-R risk stratification (pvalue <0.000). By analyzing the MDS-CI subgroups separately, IPSS-R had a significant prognostic value for OS in low and intermediate MDS-CI risk patients (p-value <0.000), but not in the high-risk group (p-value = 0.057) 11 (B) .
The IPSS, IPSS-R and the MD Anderson score were compared with the low-risk score (LR-PSS) to assess low-risk patients who may have a worse prognosis. The mean observation time was 62 months. The Cox model and the Akaike information criterion (AIC) were used to compare models to validate the results 12 (B). While both LR-PSS and IPSS-R distinguish groups with varied survival outcomes among patients with IPSS LR-MDS, both tools fail to identify a significant subset with poor OS.
In an analysis of 775 patients retrospectively assessed after a mean follow-up of 55 months, the transformation rate to AML was significantly different between the MDAS subgroups (p-value <0.005). After multivariate analysis, the IPSS and MDAS were independent prognostic factors of OS 18 (B).
On comparing the IPSS and WPSS of 149 patients with a mean follow-up of 39.2 months, the WPSS presented excellent patient risk stratification according to OS and time to leukemic transformation and contributed to the stratification of patients into five subgroups of risk for death and progression to leukemia (p-value <0.0001). For the IPSS, the cytogenetic risk and the percentage of blasts in the BM were correlated to the OS and leukemia-free survival, which was not true for the number of cytopenias. For the WPSS however, cytogenetics and transfusion dependence were statistically significant in respect to OS and time of progression to leukemia 19 
Furthermore, the Dutch Group studied a population of 222 patients with a mean age of 66 years followed up for an average of 22 months. The differences in the mean OS were significant for all five prognostic score systems. Differences in the mean leukemia-free survival were significant for WPSS, WPSS-R, MDAS and IPSS-R, in contrast to IPSS (p-value = 0.016, p-value = 0.003, p-value <0.000, p-value = 0.001 and p-value = 0.086, respectively) 11 (B) .
The influence of the IPSS, IPSS-R, WPSS and immunophenotypic changes on the OS of patients with MDS who were always censored when undergoing chemotherapy or BM transplantation was studied in Brazilian patients in a single-institution study. One hundred and one patients were enrolled with a median age of 64 years and a median follow-up time of 28 months. Most patients were at low or intermediate risk according to the prognostic scores. In a multivariate analysis comparing IPSS, IPSS-R and WPSS, only IPSS-R remained in the model. Each prognostic score was also compared with immunophenotyping data. In a multivariate model with IPSS, total phenotypic changes and the percentage of myeloblasts calculated by cytometry, only the two last parameters remained in the model. With WPSS and immunophenotyping, only WPSS and the percentage of myeloblasts calculated by cytometry remained in the model. Finally, comparing the IPSS-R with immunophenotyping, only IPSS-R and the percentage of myeloblasts calculated by cytometry were left in the model. Thus, the percentage of CD34 + /CD13 + cells (myeloblasts by cytometry) was an independent risk factor in the three prognostic scores assessed 20 (B).
Recommendations
The IPSS-R has greater prognostic power for all risk groups when compared to IPSS, MDAS, WPSS and WPSS-R as it identifies a large group of patients with better OS. However, among low-risk patients, no index was able to predict poorer outcomes in some patients. MDS-CI significantly increased the prognostic value for OS in patients stratified by the IPSS-R. The IPSS-R increased the predictive power of leukemia-free survival and OS of patients when compared to IPSS and WPSS. The WPSS distinguishes the very low-risk patients who present excellent survival with rare evolution to leukemia, while the IPSS does not have the same discriminatory power. Thus, in the clinical practice, the IPSS-R is currently the best index.
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